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Priority 

This application claims priority from United States provisional patent 
application serial number 60/156,739, filed September 30, 1999, entitled "Semiconductor 
Packaging", the disclosure of which is incorporated herein by reference. 

Technical Field 

The present invention relates to electronic devices and more particularly to 
packaging for electronic devices. 

Background Art 

Semiconductor electronic devices often include a package surrounding the device 
to permit handling and electrical connections while providing protection for the 
electronic device from external environmental influences. Packages are typically 
manufactured out of plastic, metal, ceramic or glass. 

Summary of the Invention 

In accordance with one aspect of the invention, an electronic component and a 
method for making an electronic component are disclosed. The electronic component 
has a silicon package. The silicon package has a recess formed thereon in which a 
conductive region is placed. A bare die electronic device is disposed in the recess. The 
device has a top, a bottom, sides and a plurality of terminals, including a non-top 
terminal. The non-top terminal is electrically coupled to the conductive region. The 
electronic component is constructed by first creating a recess in a silicon wafer to a 
depth substantially equal to the first dimension of the bare die electronic device. A 
conductive material is applied to the recess. The electronic device is inserted into the 
recess so that the bottom terminal is coupled to the conductive material. A dielectric or 
other planarizing material is applied into the recess. Top and bottom contacts are then 
applied to form the electronic component so that it may be used as a ball grid array 



(BGA) package. The top contact is electrically coupled to the top terminal of the 
electronic device and the bottom contact is coupled electrically to the conductive 
material. 

In another embodiment, multiple recesses are created on a single silicon wafer 
5 and electronic devices are each inserted into one of the multiple recesses. The silicon 
wafer may then be cut to form multiple electronic components. Prior to the step of 
cutting, each of the electronic components may be tested. 

In another embodiment where the electronic component is a chip device, one of 
the terminals of the device is a top contact located on the top of the device and the 
10 package has a top in which the recess is located. The top of the package also includes a 
fef; contact coupled electrically via the conductive region to the non-top terminal. 
0^ Brief Description of the Drawings 

H The foregoing features of the invention will be more readily understood by 
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CP reference to the following detailed description taken with the accompanying drawings 

i~i 

J 5 in which: 

a - 

pi Fig. 1 is a side view of one embodiment of the invention in which an electronic 

O 

pj device resides within a silicon package. 

S Fig. 2 is a flow chart of the steps used in creating a silicon package that is a Ball 

Grid Array (BGA) and that is also a Wafer Level Chip-Scale Package (WLCSP). 

20 Fig. 3 is a side view of a silicon wafer having multiple electronic devices. 

Fig. 4 shows a top view of a silicon wafer that has multiple cavities that are 
etched into the silicon, each cavity for receiving an electronic device to form multiple 
packages. 

Fig. 5 is a side view of a planar electronic device positioned within a package 
25 with the terminals of the electronic device redistributed. 

Detailed Description of Specific Embodiments 
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Fig. 1 is a side view of an electronic component. The electronic component is 
formed by a silicon package 10 from a silicon wafer surrounding an electronic device 12, 
preferably a bare die semiconductor device. The silicon package 10 includes a recess 14 
in which the electronic device 12 resides. The electronic device 12 in the embodiment 
shown is a two-terminal device, although other multi-terminal devices, including both 
vertical and planar devices, may be used. The electronic device shown is a vertical 
device having a top terminal 15 and a bottom terminal 16. In the recess of the package, 
a conductive region 17 exists. The conductive region 17 covers all or a portion of the 
recess 14 and extends to a portion of the top 18 of the silicon package 10. The bottom 
terminal 16 of the two-terminal electronic device is electrically coupled to the 
conductive region 17. In preferred embodiments the conductive region is formed from 
metals such as titanium, copper and chrome. The bottom terminal 16 of the electronic 
device is secured to the conductive region by a conductive epoxy or solder 19. The 
recess 14 is filled with dielectric material 20 that surrounds the electronic device 12. If 
the dielectric layer 20 covers the top terminal 15 of the electronic device 12, the 
dielectric 20 that resides above the top terminal 15 is removed through 
photolithography. Dielectric may also be removed at a point where a solder contact for 
the bottom terminal is desired. A metalization layer 22 is applied over the dielectric 
after the top terminal 15 of the electronic device 12 is exposed. The metalization is 
deposited and patterned by standard methods to the desired routing including solder 
contact areas. In the shown embodiment, another layer of dielectric 25 resides on top of 
the metalization layer 22 fully encasing the electronic device 12 and only leaving the 
contacts exposed. It should be understood by those of ordinary skill in the art that for 
certain electronic devices a second layer of dielectric may not be needed. The solder 
contacts 21 are then created and preferably reside in the same plane so that the 
completed electronic component may be easily flip mounted onto a circuit board. In the 
preferred embodiment, the electronic device is a diode. However, it should be 



understood to one of ordinary skill in the art that other semiconductor devices, 
integrated circuits, or other electronic devices may be placed within the silicon package. 
This process produces a Wafer Level Chip-Scale Package (WLCSP) using silicon as the 
package. 

The solder contacts for the terminals of the electronic device reside on the same 
side of the package allowing for surface mount assembly operation similar to a Ball 
Grid Array (BGA) package. It should be understood by those skilled in the art that 
other package materials may be used for creating a WLCSP instead of silicon. These 
other package materials must be sufficiently rigid to prevent breakage or exposure of 
the bare die. Further, the package material should be capable of being metalized, and 
should be capable of having a portion of the material removed so as to create a cavity or 
a recess. 

In Fig. 2 is shown a flowchart of the steps for packaging a bare die electronic 
device creating an electronic component. The method as described uses a standard 
silicon wafer to create one or more packages. The silicon wafer may be processed with 
most of the same tooling as used for wafer level device creation. In the preferred 
embodiment a silicon package creates a WLCSP. A recess is formed in a silicon wafer 
by either etching or sawing a trench in the wafer (200). The etching process could be 
dry etching or chemical wet etching which is known to those skilled in the art. The 
chemical etching step is normally performed by using Si 3 N 4 as mask on the top surface 
of the silicon wafer. The mask is patterned to the desired cavity size(s) and location(s). 
The cavity etch is an anisotropical etch using a solution of KOH and treta-methyl 
ammonium hydroxide. The cavities created by this process will typically have sloped 
side walls of about 54 degrees. The recess is created so that an electronic device may 
reside within the recess. The depth of the recess is approximately the thickness of the 
electronic device. To the recess is applied at least one layers of conductive material 
(210). In case of devices with small contacts (approximately .003 inches in diameter or 



less), it is preferred that a layer of a dielectric such as bisbenzocyclobutene (BCB) is 
deposited on top of the electronic device covering the entire top surface except for 
contact terminals and saw /scribe borders seperation for device clearance (Fig. 3). In the 
preferred embodiment, the conductive material is applied in three layers. The first 
5 layer is titanium followed by a layer of copper and a layer of chrome, which cover the 
contour of the recess and at least a portion of the top of the silicon wafer. A layer of 
electrically conductive epoxy or solder is placed in the recess to assure that the device is 
mechanically secured and the electric device is electrically coupled to the conductive 
material for devices with non-top terminals. The electronic device is placed within the 
10 recess of the silicon wafer so that the bottom of the electronic device comes into contact 
*Z with the conductive material within the recess (220). Silver epoxy is then cured or the 
£ ;i solder is reflown, attaching the device to the bottom of the recess. Next, a layer of 
^1 dielectric, such as BCB, is placed into the recess (230). Enough dielectric is added to fill 
* the recess so that the recess is approximately planarized. The cavity fill process is done 
H5 by covering a preheated silicon wafer (to reduce the viscosity of the BCB) and driving 

L-i', 

O the BCB dielectric into the cavities and removing the excess material using a roller and 
ffj blade drawn across the wafer. If needed another layer of dielectric can be spun on to 

5 j: 

p achieve the desired planarization. The dielectric layer completely covers the electronic 
device, but it is desirable to keep the top terminal of the electronic device exposed. 

20 Dielectric must be subsequently removed from the top terminal and also an area on the 
top surface of the silicon wafer adjacent to the recess allowing direct exposure to the 
conductive material. One method of achieving this is by masking and removing the 
dry-etch BCB from the top terminal of the electronic device and desired area on the top 
surface of the silicon wafer. In an alternative method, a sufficient amount of the 

25 dielectric material is removed to expose the entire top surface of the silicon wafer and 
the top terminal of the electric device. Next, a layer of photo definable BCB is deposited 
and defined exposing the desired contact areas. A patterned metalization layer is 
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applied to the top of the dielectric and the exposed surface. A last layer of dielectric is 
added for further insulation so that the only exposed conductive elements are the 
contacts for the top and bottom terminals. Solder is then deposited onto the exposed 
conductive elements, forming solder contacts in the appropriate positions such that an 
electronic coupling occurs between the solder contact and the top (240) and bottom 
terminals (250) of the device. This process does not require wire/tab bonding nor does 
it need a flip-chip to create this wafer level BGA CSP. 

The method may be implemented on a silicon wafer of adequate depth for 
holding an electronic device. Multiple cavities may be formed for creating multiple 
packages on the same silicon wafer as shown in Fig.4. The silicon wafer may be etched 
to create cavities or sawn to create trenches that are spaced to allow for the silicon wafer 
to be cut so that individual packaged electronic components may be produced. In Fig. 4 
a 4 x 4 array of cavities is shown on a silicon wafer. Wafer probing of the electronic 
components may be accomplished prior to the sawing process for separating the 
completed electronic components. 

In an alternative embodiment, multiple-die electronic components may be 
packaged by using the above-described technique. A silicon wafer having multiple 
cavities is formed where the cavities have different dimensions to accommodate 
different bare die electronic devices. The various bare die electronic devices are placed 
into their respectively dimensioned cavities and processed as before to create individual 
Chip-CSP's wherein each chip has metalized contacts. By creating contacts for each 
device, an additional layer of metalization may be applied which electrically couples the 
multiple electronic devices. A further layer of dielectric may be applied and solder 
contacts placed in appropriate positions. Separation of the completed multiple-die 
electronic components may occur by sawing the package. By creating additional 
cavities in a silicon wafer, multiple multiple-die electronic components may be created 
from a single silicon wafer. 



In Fig. 5 is shown a package 510 for a bare die planar electronic device 520 that 
has all terminals 540 on one side of the chip. In this embodiment, the terminals 540 of 
the device 520 are repositioned using the technique above. The bare die 520 is placed 
into a recess 515 of the package 510 and is adhered to the package using an adhesive 530 
5 to mechanically couple the bare die 520 and the package 510. Into the portion of the 
recess 515 that is not filled by the bare die is placed a planarizing dielectric material 550. 
The planarizing material 550 creates an essentially planar surface for applying a layer of 
metalization 560 so that the terminals 540 of the bare die 520 may be repositioned. Once 
the terminals 540 are repositioned, a second layer of dielectric 570 is applied keeping 
dhp only the positions of the final contacts exposed. At the desired position of the final 
5 contact a metal contact 580 or soldering bump is added. The electronic component 500 
^1 is electrically exposed only at the repositioned contact points 580 with the rest of the 
12 electronic device 520 shielded from electrical coupling by the package 510 or dielectric 

570. In such a fashion, planar electronic devices having terminals that are positioned 
te too close together and are at such a small scale that the terminals cannot maintain their 
O electrical independence when placed on a circuit board may be made effectively larger 
Q by repositioning the contacts on the top of the package. Similarly, the terminals can be 
repositioned in any configuration that is more convenient for the end user of the 
electronic components. Thus, utilizing wafer-level processing, a smaller device may be 
20 made to be compatible with the dimensional requirements of a circuit board for 
fabrication of a more complicated product or subassembly. 

In another embodiment, non-silicon based semiconductor bare die electronic 
devices , for example Gallium Arsenide electronic devices, may be made into Chip-CSPs 
by applying the process described above.placing. 
25 In another embodiment, passive elements such as resistors, capacitors, and 

inductors may be added on a redistribution layer or on the additional dielectric layers 
to provide a higher-level integrated electronic component. 
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The present invention may be embodied in other specific forms without 
departing from the true scope of the invention. The described embodiments are to be 
considered in all respects only as illustrative and not restrictive. 
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